Introduction
[2] Over the Northwest Atlantic deep cyclones originate, travel eastwards and can affect the European continent. Surface wind storms related to these deep cyclones are connected to mid-tropospheric transient eddies, the latter contributing significantly to the meridional energy transport. Due to the balance between latitudinal differential energy input by absorbed shortwave solar radiation and output by outgoing longwave radiation, the large-scale oceanic and atmospheric circulations act as energy transport mechanisms from equatorial latitudes to polar regions. Thus, the occurrence of cyclone systems and storms is a vital part of the earth's climate system.
[3] Only a small proportion of the total number of cyclones which develop produce gale force wind speeds and are thus called storms. Although a clear positive trend in North Atlantic/European storm activity is not identifiable during the last few decades, recent studies provide evidence that under anthropogenic climate change the number of extreme storms could increase, whereas the total number of cyclones may be slightly reduced [e.g., Leckebusch et al., 2006; Lambert and Fyfe, 2006; Leckebusch and Ulbrich, 2004] . Nevertheless, in terms of insured losses, nine out of the ten most expensive European weather-related hazards were caused by wind storms. During early 1990 a series of severe storms led to enormous economic damages of approximately US-$14.2 bn, including US-$9.8 bn insured claims (1990 ( prices, Berz [2005 ). The most expensive wind storm event, since the 1950s (the beginning of systematic insurance industry records), has been Lothar in December 1999 with an estimated insured loss of $5.9 bn (Germany, France, Switzerland mainly affected). The only exception is the central European flood in summer 2002 with insured costs about $3.4 bn [Reinhard, 2005] . Total economic losses for both these events are estimated at around $11.5 bn and $16.0 bn, respectively. Studies based on insurance industry catastrophe models estimate an increase in insured wind-related losses from extreme European wind storms due to climate change by $2-2.5 bn, representing a 5% increase [Association of British Insurers, 2005, available at http://www.abi.org.uk/Display/File/Child/552/ Financial_Risks_of_Climate_Change.pdf].
Approach
[4] In this study the changes in loss potentials under anthropogenic climate conditions are assessed from an ensemble of 4 ''state-of-the-art'' global climate models (GCMs): HadCM3 (Hadley Centre Coupled Model version 3), HadAM3P (Hadley Centre Atmospheric Model version P), ECHAM4/OPYC3 (European Centre Hamburg Version 4/Ocean in isoPYCnical coordinates Version 3), and ECHAM5-OM1 (European Centre Hamburg Version 5/Max Planck Institute Version -Ocean Model Version 1). Using a multi-model ensemble is favourable compared to a singlemodel ensemble, as a better sampling of unavoidable uncertainties in the computational representation of the dynamic equations is possible [Palmer and Räisänen, 2002; Palmer, 2001] . The horizontal resolution varies: 3.75°Â 2.5°for HadCM3, 1.875°Â 1.875°for HadAM3P, T42 (approximately 2.8°Â 2.8°) for ECHAM4, and T63 (appr. 2.0°Â 2.0°) for ECHAM5. Although regional climate models (RCM) provide more detailed information on finer-grid scales, it is reasonable to first identify the climate change signal directly from the large-scale model output. As studies have shown [e.g., Leckebusch et al., 2006] , RCMs depend much more on the driving GCM than on the assumed future scenario.
[5] Storm damage potentials are estimated by a regression model based on daily maximum 10m wind speeds (i.e. the daily maximum of the simulated wind speeds over all integration steps of the model per day) and actual loss values [Klawa and Ulbrich, 2003] . The only exception from this is ECHAM4/OPYC3, for this model the maximum out of 4 instantaneous values per day (00, 06, 12, 18 UTC) were used due to data availability. Calculations based on the maximum out of 4 instantaneous values for ECHAM5/OM1 have shown that the resulting loss ratios underestimate those numbers derived from the maximum of each integration time step, only slightly by 1 -3%.
[6] The model is based on the assumption that damages occur only if the surface wind speed exceeds a specific locally defined threshold. Studies using meteorological station data as well as NCEP-Re-analysis data have revealed that the 98th percentile wind speed is a reasonable value for this threshold [Klawa and Ulbrich, 2003; Klawa, 2001] . To account for local adaptation to the wind climate, damages are assumed to be proportional to the difference between the actual wind value (v max ) and the particular 98th percentile (v 98 ), thus the wind value is scaled by the local percentile value. From physical reasons the cube of wind speed is proportional to the advection of kinetic energy. Moreover, some empirical evidence exists for a cubic damage-wind relation [Munich Re, 1993] . Additionally, loss values depend on the amount of values in an affected area. The population density (p) is used as a reasonable proxy. Thus, the applied loss function is given by:
These wind-based ''raw-damage'' values are calculated for ECMWF- Re-analysis (ERA40: 1960 -2000 
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[7] For a baseline period with recent anthropogenic greenhouse gas concentrations, the model-based loss ratios are validated against values derived from ECMWF-Reanalysis. The time average values for Germany and the UK are given in Table 1 . As can be seen, the model-based mean loss ratios are in the same range as ERA40 values. The largest deviation is simulated by ECHAM4/OPYC3 for Germany (25% underestimation). The variability of loss ratios for Germany is well simulated, whereas for the UK Figure 1 . Regression between ERA40 derived ''raw damage'' values and loss ratios for Germany from the German Insurance Association (GdV). 1960 -1989 , ECHAM4: 1890 -1909 , ECHAM5: 1960 -2000 . In the used simulation with ECHAM4/OPYC3 the anthropogenic GHG forcing is prescribed using observed data between 1860 and 1990, and the IS92a scenario afterwards. The model simulation is initialized with present-day values rather than pre-industrial ones. This causes a warm bias in the initial state of the scenario run which is maintained throughout the simulation. As the GHG concentrations increases slowly during the first decades of the run, the period between 1880 and 1930 represents present-day conditions and the period from 1890 to 1909 is used here as the 'control period'. Further details on this simulation are given in Roeckner et al. [1998] , Knippertz et al. [2000] , and Pinto et al. [2006] . The ''raw-damage'' values were calculated in two ways: firstly, the local 98th percentile value of the daily maximum wind speed was calculated for the baseline period and scenario period separately. Thus, local adaptation to climate change is taken into account. For example if the wind speeds increase and v 98 increases, damages occur only above the higher threshold. This implies that adaptation to changed local wind speeds has already taken place. Secondly, the 98th percentile value of the daily maximum wind speed has been fixed to the baseline value, consequently no adaptation to climate change is considered, and the pure effect of anthropogenic change is detected. In Tables 2 and 3, the climate change signals for Germany and the United Kingdom are presented. For consistency, the model-based values shown for the UK are calculated via the regression coefficients derived from the German damage data. Sensitivity studies have shown that the same magnitude and tendency of the resulting mean loss changes and its standard deviations is achieved by applying the regression derived from British damage data. The regression between UK wind and damage data is given by y = 0.6062x + 472,28. The R2 value is 0.3635. Please note, UK losses are given in cash prices total for the time period from 1988 to 2003 (Units: 1 Million GBP). Thus, the regression coefficients for the German wind-damage relationship and the UK counterpart are not directly comparable, as German damage values are given in loss ratios (Units: 1 Euro cent per 1000 Euro). This provides evidence that the regression coefficients deduced from the region Germany are applicable also to other regions with similar infrastructure. For both the UK and Germany, considering no adaptation to changed wind climate, the ensemble average potential loss ratios increase by approximately 37% and 21%, respectively. Whereas three models show increases in the same range with respect to the mean value, HadAM3P reveals less pronounced changes and even negative changes for Germany. The range of achieved values is related to the fact that damages follow the cube of the excess of the local wind speed threshold, thus they are very sensitive to changes of the percentile values or the occurrence of rare extreme events. Negative changes in HadAM3P in Germany accompanied by positive changes over the UK, are mainly due to the fact that the horizontal distribution of changes in v 98 are slightly negative over Germany, and positive over the UK which is again based on moderate differences in the occurrence of extreme cyclones in the model simulations investigated [cf. Leckebusch et al., 2006] .
[9] Taking adaptation into account, the changes are less uniform and mainly depend on the climate model investigated. Thus, a clear trend is not identifiable as model-tomodel variability is high, revealing a high level of uncertainty, e.g. in the exact position of areas of changes in the 98th percentile of the daily maximum wind speed relative to the investigated regions. Nevertheless, positive changes up 1960 -1989 ECHAM4, 1890 ECHAM4, -1909 ECHAM5, 1960 ECHAM5, -2000 and ERA40, 1960 -2000. to nearly 23%, derived from a single simulation, are possible. Changes in the standard deviation for both regions are mainly positive, documenting an increase in potential interannual variability of the occurrence of extreme wind events. More important than the change of the climatological mean values itself, positive changes in interannual variability could lead to a much higher risk in the occurrence of outliers affecting social and industrial risk management strategies.
Conclusion
[10] The results indicate a high risk of increasing loss potential for well developed western Central European regions if no adaptation to anthropogenic climate change is considered, and partly reduced risk if adaptation is taken into account, depending on the geographical region and the model investigated. This should provide additional motivation for the initiation of prevention measures today, and further development of public and private risk adaptation strategies.
[11] Admittedly, a larger ensemble of climate models and the investigation of RCMs are needed to increase the credibility and applicability of the results presented. Nevertheless, by applying this simple storm damage model to climate simulations it has been demonstrated that reasonable results are achieved for recent conditions when compared to observational data sets. Most of the intermodel variability in the results for future scenarios does not originate from the damage model itself, but from the different responses of the climate models to anthropogenic climate change. Additionally, by increasing the spatial and temporal resolution of climate models the capability of reproducing extreme events should increase. Especially for RCMs, this could lead to a better representation of the upper tail of the frequency distribution for the occurrence of extreme events, if a gust parameterization is included, for example. Thus, it will be very useful to compare the results from GCMs with those achieved from dynamical downscaling in future studies. 
